Intracardiac pressures were simultaneously recorded in all cardiac chambers in anesthetized intact dogs during periods of volume overload produced by infusion of a blood saline mixture. The right and left intracardiac pressures increased simultaneously during the interval of infusion with the left side greater than the right side. The administration of a positive myocardial inotropic drug resulted in a corresponding right and left sided decrease in intracardiac pressures. The mean pressure increase in the left atrium was reliably predicted from simultaneous changes in the right atrial pressure. Tbe pressure change in the right atrium when 2 mm are added to adjust for differences in zero reference and then multiplied by two was approximately equivalent to concurrent changes in left atrial pressure.
he central venous pressure or right atrial presTsure measurement is now widely used to assess cardiac competence during fluid repletion in the critically ill patient.14 It is frequently used to assess the potential detriment of fluid infusion and more specifically, the likelihood that additional volume of fluid would induce left ventricular failre.^.^ Hence, there has been appropriate concern regarding the validity of the central venous pressure as a measure of cardiac competence and particularly the reliability of central venous pressure as an indicator of changes in left ventricular and left atrial p r e s s~r e .~-l~
The purpose of this study performed on experimental animals was to investigate the reliability of central venous ( right atrial ) pressure as an indicator of changes in left ventricular and left atrial pressures during volume loading. Experiments were performed on eight mongrel dogs, ranging in weight from 14.5 to 30.0 kilograms. The dogs were anesthetized by intravenous injection of sodium pentobarbital, 25 mg/kg. The trachea was then intubated, but respiration was not mechanically assisted. Catheters were inserted into the four cardiac chambers under fluoroscopic control. The right atrium and right ventricle were entered from a cutdown site in the femoral vein. The left atrium was catheterized by the transseptal technique by way of the external jugular vein. The left ventricle was catheterized by retrograde aortic passage from the carotid artery. A catheter was inserted in the femoral artery for measurement of arterial pressure. The intracardiac catheters were connected to strain gauge transducers (Statham P23 Db) and direct writing multichannel medical recorder. These catheters were flushed intermittently under pressure with saline solution containing heparin, 5 units/ml. A separate catheter advanced into the vena cava was used for continuous infusion of blood.
Cardiac output was quantitated by the dye dilution technique using a single injection of 2.5 mg indocyanine green dye and a photoelectric cuvette densitometer (Gilford model 103). The dye was injected in the right atrium and arterial blood was withdrawn from the femoral artery. Dye curves were analyzed by adaption of the standard Hamilton method to a digital computer and application of appropriate correction for dead space. 11 The pH, Pcoz and Po2 were measured in samples obtained from the femoral artery using a Radiometer micro system PHA (927 by a modified enzymatic technique developed in our laboratory.12 Serum total proteins were measured by the Biuret method. Stroke volume, stroke work and mean circulation times were calculated using standard formulae.
Two sets of control measurements were obtained 15 minutes apart. Blood obtained by bleeding donor dogs and diluted with two parts normal saline solution was continuously infused at a rate of 50 ml per minute for the purpose of increasing intracardiac filling pressures by volume overload. All pressures were recorded continuously. Cardiac output and blood gas analyses were obtained at intervals of 15 minutes. Total serum proteins were determined at the start and at the termination of the experiments. An autopsy was performed after the termination of each study and gross changes in the heart and lungs were recorded.
The blood infusion was continued for 60 minutes in all experiments. In one dog the experiment was extended to 90 minutes. Three dogs received a new nonglycoside myocardial (2 to 7) (2 to 10) (2 to 9) (2 to 14) (5 to 14)
.7
.9
.9 1.3 1.1 stimulant, q u a~o d i n e ,~ a quinazoline compound. The pharmacologic actions of this inotropic agent have been described by Aviado, Folle and Pisanty.13 After 30 minutes of blood infusion and after left ventricular enddiastolic pressure had increased from an average of 2 to 21 mm Hg, quazodine was administered as a single injection of 2 mg/kg in one dog and by continuous intravenous infusion of 1 mg/kg/min over a period of 20 minutes in two dogs.
Sequential changes of intracardiac and femoral arterial pressures are shown in Table 1 pressure values on the right side were multiplied by two with the zero reference of right atrial pressure shifted to 2 mm Hg, the graphic plot of the pressure values on the right side overlapped those obtained on the left side (Fig 2 ) . When the period of infusion was extended to 90 minutes in one dog (Fig 3 ) , the intracardiac pressures continued to increase and the relative changes in pressures remained the same. On statistical analysis there was a high correlation in measured responses of all intracardiac pressures to volume loading. An analysis was made on 64 paired measurements in the eight dogs. The correlation between changes in left atrial and right atrial pressure measurements ( r = . 93) and the correlation between the left ventricular enddiastolic and the left atrial pressure measurements ( r = . 95) were not significantly different. This provided evidence that the predictability of changes in left ventricular end-diastolic pressure on the basis of mean left atrial pressure was essentially the same as the predictability of the left atrial pressure on the basis of the right atrial pressure. end-diastolic and mean left atrial pressures occurred after 30 minutes of blood infusion, intravenous infusion of quazodine decreased the intracardiac pressures ( Table 2 ) . The prompt decrease of all pressures was the reverse of the increase observed during volume loading. The hemodynamic measurements are tabulated in Table 3 . Cardiac output, stroke volume, and stroke work increased in all dogs in response to volume loading and the mean circulation times decreased. These data indicate that, under the conditions of this study, ventricular performance progressively increased during volume loading. The ventricular function curve in which left ventricular stroke work was plotted as a function of left ventricular end-diastolic pressure for the three animals which were volume loaded over a period of 60 minutes did not display a descending component.
When pronounced increases in left ventricular
The metabolic data are tabulated in Table 4 . Spontaneous hyperventilation accounted for the reduction in arterial P C O~ during the control period. Progressive acidosis was observed during volume loading together with increases in arterial Pcoz and chloride values. However, perfusion was apparently well maintained since neither metabolic acidosis nor increases in arterial lactate were observed. The hemoglobin and hematocrit levels reflected hemodilution produced by the infusion mixture.
The increase in Pc02 and decrease in Po2 were associated with pulmonary edema demonstrated at autopsy. In animals observed for 60 minutes, total serum protein declined from an average control value of 5.7 to 3.8 gm percent.
The experimental model used for this investigation was the intact dog with a previously normal heart. Sequential changes of intracardiac pressures on the right side reliably reflected changes on the left side during volume loading. This relationship also applied when intracardiac pressures were reduced after treatment with a positive inotropic drug.
The only difference between the pressures on the right side and the left side were in the magnitude of change and the initial reference point. When changes in mean right atrial or right ventricular diastolic pressure were multiplied by two after 2 mm were added to the zero reference to adjust for the more anterior position of the right atrium into account, corresponding changes in mean left atrial and left ventricular end-diastolic pressures were reliably estimated. serve to reemphasize the need for assessing changes in the intracardiac pressures during the volume challenge rather than to depend on static measurements.
Pulmonary edema probably occurred because of the increase in left atrial pressure together with the demonstrated reduction in plasma proteins and hence in colloid oncotic pressure. The importance of this relationship was previously demonstrated by Guyton and Lindsey20 when they produced pulmonary edema in dogs with left atrial pressures of 12 mm Hg after the oncotic pressure was reduced to almost one-half as in the case of our experiments. Hence, even minor increases in left sided pressure may therefore result in pulmonary edema when colloid osmotic pressure is critically reduced, and even smaller changes in right atrial pressure including those which do not necessarily exceed normal upper ranges of 10 mm Hg do not assure against volume overload.
These findings support use of the central venous pressure measurement as an indicator of left ventricular competence during fluid loading. However, the studies relate only to conditions which prevail in animals in which cardiac function is unimpaired. We therefore caution against direct application of these findings to patients who have had prior cardiac disease or in whom protracted shock may of itself have been cause of reduced myocardial competence.
Bushmen as Experts at Trapping
T h e Bushmen are experts at trapping, a skill which placing it about eight inches away and laying a buried involves far more than merely finding tracks where noose around it. As soon as the hen returns to her nest snares may be placed. There is a clever way of catching and notices what has happened, she is doomed because guinea fowl. If a hen sees that one of her eggs rolled out she cannot help nudging the egg toward the nest and of the nest, she tries to roll it back with her head and springing the trap. beak. This is an automatic reaction triggered by the sight of the misplaced egg from the nest, and a hunter will Pfeiffer JE: The Emergence of Man. take advantage of it by removing an egg from the nest, New York, Harper & Row, 1969
